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the base member.

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 278 090 A1 2

Description

[0001] The present invention relates generally to a
lens mount, and more particularly, to a mount for a flex-
ible lens.

[0002] A lens is a well known optical element com-
prised of a transparent material used to make light rays
converge or diverge to form an image. The transparent
material comprising the lens may be comprised of vari-
ous materials, including a rigid material (i.e., a non-flex-
ible material) such as glass, or a flexible material such
as a thin plastic.

[0003] Lenses are used in many types of equipment.
In the health imaging area, lenses are used in laser im-
aging systems commonly used to produce photographic
images from digital image data such as generated by
magnetic resonance (MR) or computed tomography
(CT). Such laser imaging systems typically include a la-
ser imager for exposing the image (from the digital im-
age data) onto photosensitive film. The photosensitive
film can be, for example, a transparency film, thereby
providing what is commonly referred to as an x-ray.
[0004] U.S.Patent No. 6,108,025 (Li et al.), common-
ly assigned and incorporated herein by reference, dis-
closes an optical scanner system of a laser imaging sys-
tem comprising a plurality of lenses, including a rigid
lens and a flexible lens.

[0005] Care needs to be taken when mounting lenses.
Particular care must be taken when mounting a flexible
lens since the shape/location of the flexible lens must
be retained. Yet, the mount of the flexible lens must pro-
vide easy removal and replacement such as during
maintenance, and not create debris either during man-
ufacturing, shipping, or use. For example, if an adhesive
or epoxy is employed, delamination of the adhesive is
a potential problem. Still further, the mount of the flexible
lens must not create debris during regular maintenance.
For example, if the mount employs an adhesive or
epoxy, particles of hardened adhesive/epoxy might
break off thereby causing debris in the laser imaging
system, or could remain adhered to the mount thereby
causing problems with the installation of a replacement
flexible lens.

[0006] Accordingly, a need continues to exist for a
mount for a flexible lens. Such a mount needs to retain
the shape/location of the flexible lens, provide for ease
of removal and replacement such as during mainte-
nance, not create debris either during manufacturing,
shipping, use, or regular maintenance, and not adverse-
ly affect the installation of a replacement flexible lens.
[0007] An object of the present invention is to provide
a mount for a flexible lens.

[0008] Another object of the invention is to provide
such a flexible lens mount which retains the shape/lo-
cation of the lens, provides for ease of removal/replace-
ment, and not create debris during removal/replace-
ment.

[0009] These objects are given only by way of illus-
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trative example. Thus, other desirable objectives and
advantages inherently achieved by the disclosed inven-
tion may occur or become apparent to those skilled in
the art. The invention is defined by the appended claims.
[0010] According to one aspect of the invention, there
is provided a flexible lens mount for securing a flexible
lens having a first side and a second side opposite the
first side. The flexible lens mount comprises a resilient
member, a base member, and a fastener. The resilient
member includes a first end, a second end, and a first
surface adapted to abut the second side of the flexible
lens. The resilient member is adapted to be flexed to
form a first arc of about degrees D of about radius R.
The base member includes a second surface forming a
second arc which complements the first arc. The second
surface is adapted to abut the first side of the flexible
lens such that the flexible lens is disposed intermediate
the first and second surfaces. The base member further
comprises a first retaining means disposed at one end
to retain the first end of the resilient member, and a sec-
ond retaining means disposed at an other end to retain
the second end of the resilient member. The fastener
abuts either the first or second end of the resilient mem-
ber to exert a force to secure the resilient member rela-
tive to the base member.

[0011] According to another aspect of the invention,
there is provided a flexible lens mount for securing a
flexible lens having a first side and a second side oppo-
site the first side. The flexible lens mount comprises a
resilient member, a base member, and a fastener. The
resilient member forms about a 180 degree arc and in-
cludes (i) a first surface adapted to abut the second side
of the flexible lens, (ii) a first end, and (iii) a second end
having a leg and an opening disposed on the leg. The
base member forms about a 180 degree arc and in-
cludes (i) a first surface adapted to abut the first side of
the flexible lens such that the flexible lens is disposed
intermediate the base member and the resilient mem-
ber, (ii) a channel disposed at one end to receive therein
the first end of the resilient member, and (iii) an opening
disposed at another end in axial alignment with the
opening of the leg. The fastener is adapted to be posi-
tioned within the opening of the base member and the
opening of the leg to exert a force to secure the flexible
lens against the base member.

[0012] The present invention provides a flexible lens
mount which retains the shape/location of the lens, pro-
vides for ease of removal/replacement, and not create
debris during removal/replacement.

[0013] The foregoing and other objects, features, and
advantages of the invention will be apparent from the
following more particular description of the preferred
embodiments of the invention, as illustrated in the ac-
companying drawings.

[0014] FIG. 1 shows a perspective view of an flexible
lens suitable for use with the flexible lens mount of the
present invention.

[0015] FIG. 2 shows an alternate embodiment of a
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flexible lens suitable for use with the flexible lens mount
of the present invention.

[0016] FIG. 3 shows a top view of the flexible lens
shown in FIG. 1 in a curved position.

[0017] FIG. 4 shows a perspective view of a first em-
bodiment of a flexible lens mount in accordance with the
present invention.

[0018] FIG. 5 shows a cross sectional view of a base
member of the flexible lens mount.

[0019] FIG. 6 shows the cross sectional view of the
base member of FIG. 5 having the flexible lens mounted
therewith.

[0020] FIG. 7 shows a top view of a retainer member
in accordance with the present invention

[0021] FIG. 8 shows a top view of one end of the base
member showing a channel.

[0022] FIG. 9 shows a top view of the one end of the
base member of FIG. 8 showing one end of the retainer
member disposed within the channel.

[0023] FIG. 10 shows a perspective view of a second
end of the base member showing the retainer member
mounted therewith.

[0024] FIG. 11 shows a cross sectional view of an al-
ternate configuration for mounting one end of the retain-
er member.

[0025] FIG. 12 shows a cross sectional view of a fur-
ther alternate configuration for mounting one end of the
retainer member.

[0026] FIG. 13 shows a perspective view of one end
of the retainer member.

[0027] FIG. 14 shows a cross sectional view of yet a
further alternate configuration for mounting one end of
the retainer member.

[0028] FIG. 15 shows a cross sectional view of a still
further alternate configuration for mounting one end of
the retainer member.

[0029] FIG. 16 shows a perspective view of a second
embodiment of a flexible lens mount in accordance with
the present invention.

[0030] FIG. 17 shows a perspective view of the first
embodiment of the flexible lens mount showing two
base members mounted radially from each other.
[0031] FIG. 18 shows a top view of a flexible lens
mount wherein the retainer member is mounted out-
board of the arc formed in the base member.

[0032] The following is a detailed description of the
preferred embodiments of the invention, reference be-
ing made to the drawings in which the same reference
numerals identify the same elements of structure in
each of the several figures.

[0033] Figure 1 shows a flexible lens 10 suitable for
use with the flexible lens mount of the present invention.
In the figure, in an unflexed position, flexible lens 10 is
comprised of a planar first side 12 disposed opposite a
planar second side 14, and a planar third side 16 dis-
posed opposite a planar fourth side 18.

[0034] Those skilled in the art will recognize that flex-
ible lens 10 may have a configuration other than as il-
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lustrated in Figure 1. For example, as disclosed in U.S.
Patent No. 6,108,025 (Li et al.), flexible lens 10 may be
a cylinder lens having a plano-convex optical configura-
tion as shown in Figure 2. A plano-convex cylinder lens
is alens having a straight side (i.e., planar) and a convex
or curved opposite side. Accordingly, flexible lens 10
could be configured to include a curved portion 13. As
will become apparent, such a flexible lens would be suit-
able for use with the flexible lens mount of the present
invention since itincludes a planar surface for mounting.
While other configurations of flexible lens 10 may be em-
ployed with the flexible lens mount of the present inven-
tion, for ease of discussion the present invention will be
discussed with reference to flexible lens 10 as illustrated
in Figure 1.

[0035] The lens mount of the present invention pref-
erably employs flexible lens 10 comprised of a generally
flexible material which allows flexible lens 10 to be easily
shaped to a desired curvature. For example, a optical
scanner assembly as disclosed in U.S. Patent No.
6,108,025 (Li et al.), commonly assigned and incorpo-
rated herein by reference, employs a flexible lens flexed
to about a 180 degree arc. Flexible lens 10 is flexible
enough to be wrapped onto a retainer or mount, as will
be more particularly described below. Flexible lens 10
is preferably capable of being uniformly flexed to a de-
sired arc while maintaining and exhibiting diffraction lim-
ited optical characteristics, and as such, allows flexible
lens 10 to be used in a laser imaging system suitable
for medical applications. In a preferred embodiment,
flexible lens 10 is flexed to about a 180 degree arc.
[0036] As illustrated in Figure 1, flexible lens 10 is
shown as arelatively thin, ribbon-like lens. In a preferred
embodiment, flexible lens 10 can be easily bent into ar-
bitrary shapes, such as a 180 degree arc as shown in
Figure 3. Flexible lens 10 can be utilized in a one-dimen-
sional laser scanning system, in which a beam of light
is scanned over a considerable distance (many inches),
such as the laser imaging system disclosed in U.S. Pat-
ent No. 6,108,025 (Li et al.).

[0037] Continuing to refer to Figure 3, flexible lens 10
can be flexed to an arc having a radius R, allowing flex-
ible lens 10 to be used in many applications which re-
quire the use of a flexible lens, either for obtaining de-
sired optical characteristics or due to space constraints,
without causing damage to the lens or damaging the op-
tical characteristics of the lens. The arc may be of any
value; it could be less than 45 degrees, it could range
to a 180 degree arc, or it could range beyond 180 de-
grees. Flexible lens 10 is preferably capable of being
"flexed" or "bent" in an arc while exhibiting and main-
taining diffraction limited optical characteristics. A meth-
od of construction of one embodiment of flexible lens 10
is described in U.S. Patent No. 6,108,025 (Li et al.).
[0038] Referring now to Figures 4-10, a first embodi-
ment of a flexible lens mount in accordance with the
present invention is shown as flexible lens mount 40.
Flexible lens mount 40 includes a base member 42 hav-
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ing a support member 43 and a surface 44 (substantially
planarin cross-section) extending from support member
43 to form about a 180 degree arc having a radius. Sur-
face 44 is adapted to abut a surface/side of flexible lens
10. Base member 42 may optionally include a substan-
tially planar surface 46 for supporting another surface/
side of flexible lens 10. If base member 42 includes sur-
face 46, then surfaces 44,46 are preferably perpendic-
ular to each other, as shown in Figure 5.

[0039] Base member42 may be comprised of any suf-
ficiently riged material such as aluminum, plastic, or
glass.

[0040] Flexible lens mount 40 further includes a re-

tainer member 50 having a first retainer end 52 and a
second retainer end 54. In an unflexed position, retainer
member 50 comprises at least one planar side, and pref-
erably has a rectangular cross section. Retainer mem-
ber 50 is a resilient member or spring member sufficient-
ly flexible to form an arc having a radius which comple-
ments surface 44 of base member 42. As such, the arc
formed by retainer member 50 is substantially concen-
tric with surface 44. When flexible lens 10 is mounted in
flexible lens mount 40, flexible lens 10 is disposed inter-
mediate base member 42 and retainer member 50. Ac-
cordingly, when retainer member 50 is compressed
against flexible lens 10 and constrained at first and sec-
ond retainer ends 52,54, holds flexible lens 10 against
surface 44 of base member 42 to retain flexible lens 10
in a fixed position. Therefore, retainer member 50 is
preferably comprised of a single/unitary flexible material
under compression. For this first embodiment, retainer
member 50 forms an approximately 180 degree arc
when constrained on both ends so as to mate/abut with
surface 44.

[0041] First retainer end 52 is constrained to base
member42. In a preferred embodimentillustrated in Fig-
ures 8-9, first retainer end 52 of retainer member 50 is
constrained in a channel 56 formed in support member
43 in a direction parallel to surface 44.

[0042] A force is applied to retainer member 50 as
second retainer end 54 to bias retainer member 50 to-
ward base member 42. In this first embodiment, the
force is applied by employing a leg 58. More particularly,
a portion of second retainer end 54 of retainer member
50 is bent to form leg 58 having an opening 60 disposed
therethrough. The angle to form leg 58 may be of any
angle sufficient to provide engagement with a fastener
62. In Figure 7, leg 58 is formed at a 90 degree angle.
[0043] Fastener 62 is employed to secure retainer
member 50 to base member 42 and thereby secure flex-
ible lens 10 therebetween. As best illustrated in Figure
10, fastener 62 is disposed in an opening 64 in base
member 42 as well as opening 60 in retainer member
50, the two openings being arranged so as to be aligned
along a common axis. Preferably, opening 60 has a di-
ameter smaller than a diameter of fastener 62. Fastener
62 may be a setscrew or other mechanical fastener
known to those skilled in the art. Figure 10 shows fas-
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tener 62 as a conical tipped setscrew.

[0044] When mounted in flexible lens mount 40, flex-
ible lens 10 is disposed intermediate base member 42
and retainer member 50, with retainer member 50 bias-
ing flexible lens 10 toward base member 42. To mount
flexible lens 10, flexible lens 10 is placed adjacent base
member 42, with flexible lens 10 placed on the inside of
the arc formed by base member 42 (i.e., the side direct-
ed toward the center of the arc). Preferably, a surface
of flexible lens 10 is disposed adjacent surface 44 of
base member 42. For flexible lens 10 illustrated in Fig-
ure 1, first side 12 of flexible lens 10 abuts surface 44
of base member 42, and fourth side 18 of flexible lens
10 abuts surface 46 of base member 42.

[0045] Next, retainer member 50 is disposed adjacent
a surface/side/portion of flexible lens 10. For flexible
lens 10 illustrated in Figure 1, retainer member 50 is dis-
posed adjacent second side 14 of flexible lens 10, as
best illustrated in Figure 6.

[0046] First retainer end 52 of retainer member 50 is
then disposed within channel 56 of base member 42 as
shown in Figure 9. Fastener 62 is placed through open-
ing 64 and opening 60 to secure second retainer end 54
to base member 42 as shown in Figure 10.

[0047] Fastener 62 controls the amount of force re-
tainer member 50 exerts against flexible lens 10. The
force applied by fastener 62 must be sufficient to main-
tain continuous contact of flexible lens 10 with retainer
member 50 to overcome any expansion or contraction
that may occur with temperature changes. Leg 58
formed in second retainer end 54 serves as both the
point of contact for retainer member 50 to set the ten-
sion, and also provides a reserve force to assist in main-
taining continuous compression of retainer member 50
during thermal expansion and contraction of both retain-
er member 50 and base member 42.

[0048] Accordingly, fastener 62 is positioned/tight-
ened until sufficient tension is placed onto retainer mem-
ber 50 to clamp/secure/position flexible lens 10 to base
member 42. For Applicants' particular application, six
inch ounces was determined to be a preferred minimum
torque to sufficiently secure flexible lens 10 when leg 58
was configured as 3.5 mm. If required, the length of leg
58 may be changed to provide additional leverage and
reserve spring force.

[0049] Retainer member 50 may be pre-formed to an
arc to provide ease of assembly, however, it need not
be preformed. Preferably retainer member 50 is com-
prised of a spring steel under compression. A type 301
stainless spring steel has been employed for its flexibil-
ity and corrosion resistance. Both stainless steel and
tempered steel have been employed, including a 0.028
inch thick blue tempered steel and a 0.015 thick spring
tempered stainless steel. For the blue tempered steel,
it was determined that the bend be heated prior to form-
ing. Those skilled in the art will recognize that, depend-
ent on the size of the retainer member, there may be
other suitable materials.
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[0050] The thickness of flexible lens 10 and retainer
member 50 is dependent on the radius of the arc formed
by flexible lens 10 and retainer member 50. Correspond-
ingly, the force required by retainer member 50 to secure
flexible lens 10 is dependent on the radius of the arc. A
sufficient amount of force is required to retain the flexible
lens in place. A person skilled in the art is able to deter-
mine the necessary force based on the application and
environmental conditions encountered.

[0051] Other means may be employed to constrain
first retainer end 52 to base member 42. For example,
as illustrated in Figure 11, flexible lens 10 may be dis-
posed intermediate retainer member 50 and surface 44
of base member 42. Thatis, the biasing of retainer mem-
ber 50 toward base member 42 positions first retainer
end 52; a channel or slot in support member 43 is not
required. Alternatively, as illustrated in Figure 12, sup-
port member 43 may include a groove or recess 70
adapted to receive both flexible lens 10 and first retainer
end 52.

[0052] In addition, other means may be employed to
constrain second retainer end 52 to base member 42.
Forexample, asillustrated in Figure 13, leg 58 of second
retainer end 52 is folded over onto itself to form a curved
portion 72. An opening 74 is disposed in curved portion
72. Referring now to Figure 14, fastener 62 is disposed
in opening 64 in base member 42 as well as opening 74
in retainer member 50, the two openings 64,74 being
arranged so as to be aligned along a common axis. Pref-
erably, opening 74 has a diameter smaller than the di-
ameter of fastener 62. Fastener 62 controls the amount
of force retainer member 50 exerts against flexible lens
10.

[0053] An alternative means for constraining second
retainerend 52 is illustrated in Figure 15 wherein second
retainer end 52 is not bent and is being torqued directly
by fastener 62.

[0054] As discussed above, the flexible lens mount of
the present invention may be employed to mount a flex-
ible lens of varying radius and varying arc. The first em-
bodiment illustrated in Figure 4 shows a flexible lens
mount for a flexible lens having an arc of about 180 de-
grees. Figure 16 shows a second embodiment of a flex-
ible lens mount 80 for a flexible lens having an arc of
about 45 degrees. A surface 86 extends from support
member 84 to form about a 45 degree arc having a ra-
dius. Surface 86 is adapted to abut a surface/side of the
flexible lens. The retainer member is configured to com-
plement surface 86, with the first and second retainer
ends being retained as disclosed above with respect to
the first embodiment. As such, the arcs are substantially
concentric.

[0055] Those skilled in the art will recognize that base
member 42 may comprise other members not directed
to a flexible lens mount. For example, as illustrated in
Figure 17, base member 42 comprises slots 90 for
mounting flexible lens mount 40 to the laser imaging
system. Alternatively, base member 42 may include a
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second arced surface 92 radially offset from surface 44
for supporting another (i.e., second) flexible lens.
[0056] The first and second embodiments are shown
such that the retainer member is disposed inside the arc
of the base member. That is, the embodiments are
shown such that the retainer member is located on the
inside surface of the arc, with the retainer member being
biased outward away from the center of the radius. How-
ever, retainer member could be disposed on the outside
surface of the arc of the base member. Figure 18 shows
one possible arrangement. With the arrangement
shown in Figure 18, first and second ends 52,54 of re-
tainer member 50 are constrained by means of fasten-
ers 94,96. Fasteners 94,96 may be moved to adjust the
force exerted to secure retainer member 50 to base
member 42.

Claims

1. Aflexible lens mount for a flexible lens having a first
side and a second side opposite the first side, com-
prising:

a resilient member having a first end, a second
end, and a first surface adapted to abut the sec-
ond side of the flexible lens, the resilient mem-
ber adapted to be flexed to form a first arc;

a base member having (i) a second surface
forming a second arc, the first and second arcs
being substantially concentric, the second sur-
face adapted to abut the first side of the flexible
lens such that the flexible lens is disposed in-
termediate the first and second surfaces, (ii) a
first retaining member disposed at one end to
retain the first end of the resilient member, and
(iii) a second retaining member disposed at an
other end to retain the second end of the resil-
ient member; and

afastener abutting either the first or second end
of the resilient member to exert a force to se-
cure the resilient member relative to the base
member.

2. The flexible lens mount of Claim 1, wherein the first
arc is disposed inside the second arc.

3. Theflexible lens mount of Claim 1, wherein the sec-
ond arc is disposed inside the first arc.

4. The flexible lens mount of Claim 1, wherein the arc
is preformed in the resilient member.

5. The flexible lens mount of Claim 1, wherein the arc
is not preformed in the resilient member.

6. The flexible lens mount of Claim 1, wherein the first
arc of degrees D ranges from about 30 to about 270



9 EP 1 278 090 A1
degrees.

7. The flexible lens mount of Claim 1, wherein the re-
silient member is comprised of a stainless spring
steel. 5

8. The flexible lens mount of Claim 1, wherein the first
retaining member comprises a channel.

9. Theflexible lens mount of Claim 1, wherein the sec- 10
ond end of the resilient member comprises a leg
having a first opening therethrough.

10. Aflexible lens mount for a flexible lens having a first
side and a second side opposite the first side, com- 15
prising:

a flexible retainer member adapted to form a
first arc of about a 180 degrees and having (i)

a first surface adapted to abut the second side 20
of the flexible lens, (ii) a first end, and (iii) a sec-

ond end including a leg having a first opening
therethrough;

a base member having a second surface form-

ing a second arc, the first and second arcs be- 25
ing substantially concentric, the second surface
adapted to abut the first side of the flexible lens
such that the flexible lens is disposed interme-
diate the base member and the flexible retainer
member, the base member further comprising 30
achannel disposed at one end to receive there-

in the first end of the flexible retainer member,

and a second opening disposed at another end

in axial alignment with the first opening; and

a fastener disposed within the first and second 35
openings to exert a force to secure the flexible
retainer member against the base member, the
force exerted being adjustable by movement of

the fastener.
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